A convenient synthesis of 3,5,7-trimethyl-1-azonia-adamantanes (2) is described. The esterification of cis, cis-1,3,5-tris(hydroxymethyl)-1,3,5-trimethylcyclohexane (3) with trifluoromethanesulfonic anhydride, followed by the reaction with primary amines, yields azonia-adamantanes 2. On the other hand, the esterification of triol 3 with TFAA also affords cis, cis-1,3,5-tris[(trifluoroacetoxy)methyl]-1,3,5-trimethylcyclohexane (5). However, the reaction of triester 5 with 2-(2-aminoethyl)pyridine does not give the corresponding azoniaadamantane, but 2,2,2-trifluoro-N-[2-(pyridin-2-yl)ethyl]-acetamide (6). The β-methylene protons in azonia-adamantane 2a [R = 2-(pyridin-2-yl)ethyl] are very active. Both acids and bases react with 2a to yield 2-vinylpyridine. The elimination reaction of 2a with lithium methoxide is available for the synthesis of 3,5,7-trimethyl-1-aza-adamantane (1).
Introduction
3,5,7-Trimethyl-1-aza-adamantane structures (1) have been applied as highly twisted amides, 1 self-organization systems, 2 and rigid models. 3 These structures have been also attracting considerable interest because of their pharmacological activity. 4 In contrast, there have been few studies on 3,5,7-trimethyl-1-azonia-adamantanes 2, and many synthetic steps have been needed.
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In this paper, we report a convenient synthetic method for 3,5,7-trimethyl-1-azonia-adamantanes 2. We also present an elimination reaction of 2a [R = 2-(pyridin-2-yl)ethyl] to give azoniaadamantane 2c (R = H) and 2-vinylpyridine. 
Results and Discussion
As shown in Scheme 1, the esterification of cis,cis-1,3,5-tris(hydroxymethyl)-1,3,5-trimethylcyclohexane (3) 6 with trifluoromethanesulfonic anhydride (4 equiv), 7 followed by reactions with primary amines (4 equiv), gave 3,5,7-trimethyl-1-azonia-adamantanes 2 [2a, R = 2-(pyridin-2-yl)ethyl, 23%; 2b, R = 4-methoxybenzyl, 31%]. The 1 H NMR, 13 C NMR (DEPT), 1 H-13 C COSY spectra supported the structure of 2. Mayer and co-workers indicated that triester 4 (X = trifluoromethylsulfonyloxy) is easily obtained by the reaction of triol 3 with trifluoromethanesulfonic anhydride and is available for the trisubstituted tripodal ligand. 7 In this case, however, the corresponding triamines could not be obtained. We have already shown that the steric repulsion of the ipso methyl groups in the cyclohexane ring causes the unexpected reactions 8 and stabilizes the molecular structures. 9 This finding suggests that the proximity effect works efficiently in the synthesis of azonia-adamantanes 2. 
Scheme 2
On the other hand, the esterification of triol 3 with TFAA (4 equiv) also afforded triester 5 (Scheme 2). However, the reaction of triester 5 with 2-(2-aminoethyl)pyridine (3 equiv) did not give the corresponding azonia-adamantane, but trifluoro-acetamide 6 (Scheme 2). It is wellknown that reactions of carboxylic acid esters with amines yield acid amides. 10 The low solubility of triol 3 in CH2Cl2 promotes this reaction. It is suggested that trifluoroacetate lacks the function as the counter anion. The reaction of triol 3 with methanesulfonic anhydride (3 equiv) did not give the corresponding triester. The 1 H NMR spectrum of the reaction mixture indicated the signals of unreacted triol 3 and methanesulfonic anhydride. Azonia-adamantane 2a was not stable in CDCl3. Allowing the CDCl3 solution of 2a to stand at room temperature for 5 days gave azonia-adamantane 2c (R = H) and 2-vinylpyridine (Scheme 3). However, 2a did not yield 2c either in DMSO-d6 or in acetone-d6 at room temperature for 2 weeks. We have already described that acid catalysis works in chloroform. 6, 8 Scheme 4 shows a plausible mechanism for the reaction of 2a to 2c. It has been clarified that 3,5,7-trimethyl-1-azaadamantane structures easily undergo the interconversion to the corresponding 3-azabicyclo[3.3.1]nonane structures. 1,2 It is suggested that azonia-adamantane 2a is in equilibrium with the C-N bond cleavage form, and adhesion of a proton to the nitrogen atom in this form yields 2c and 2-vinylpyridine. This reaction resembles acid-catalyzed alkene formation reactions of alcohols. Azonia-adamantane 2a reacts not only with acids but also with bases. The reaction of 2a with lithium methoxide in methanol afforded aza-adamantane 1 5 and 2-vinylpyridine (Scheme 3). This reaction is also available for the convenient synthesis of aza-adamantane 1.
Triethylamine did not react with 2a at all. The acidity of β-methylene protons in azoniaadamantane 2a has a large influence on these reactions. 
Conclusions
We have described the convenient synthesis of 3,5,7-trimethyl-1-azonia-adamantanes 2. In this synthesis, trifluoromethanesulfonate works as the key counter anion. The similar reaction of triester 5 with 2-(2-aminoethyl) pyridine does not give the corresponding azonia-adamantane, but trifluoro-acetamide 6. We have also shown that the elimination reaction of azonia-adamantane 2 containing β-methylene protons is available for the synthesis of aza-adamantane 1. Experimental Section General Procedures. All reactions were performed in oven-dried glassware equipped with a magnetic stirring bar under an argon atmosphere, using standard syringe techniques. CH 2 
3,5,7-Trimethyl-1-[2-(pyridin-2-yl)ethyl]-1-azonia-adamantane trifluoromethanesulfonate (2a).
A solution of trifluoromethanesulfonic anhydride (2.2 mL, 13 mmol) in dry CH 2 Cl 2 (15 mL) was added to a suspension of triol 3 (723 mg, 3.34 mmol) and pyridine (1.2 mL) in dry CH 2 Cl 2 (15 mL) at 0 o C. After the mixture was stirred for 2 h at 0 o C, the precipitates were filtered, and the solution was passed through a silica gel column. Removal of the solvent under reduced pressure gave crude triester 4. Unpurified triester 4 was dissolved in dry CH 2 Cl 2 (10 mL), and 2-(2-aminoethyl) pyridine (1.85 g, 15.1 mmol) was added to the solution. The solution was stirred for 3 days at room temperature, and dilute aqueous NaOH was added. The CH 2 Cl 2 layer was separated, and the aqueous phase was extracted with CH 2 Cl 2 . The combined CH 2 Cl 2 solutions were dried with MgSO4, followed by filtration, the filtrate was concentrated to remove volatiles. Azonia-adamantane 2a (338 mg, 23%) was purified by recrystallization from CH2Cl2/diethyl ether. 
